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Abstract 



The inveiition relates to a device and a method for the adm^ such as fluids 

containing an active substance, to a mammal, via the pulmonary route. According to the 

invention the device for administration of an aerosol to a mammal comprises: 

aerosol means for creating an aerosol in tiie device, 

an op^iing for releasing the aerosol from the device, wherein 

the device is provided widi control means, for adding energy to or removing energy from the 
aerosol in order to thereby control the particle size of the aerosol, prior to releasing the aerosol 
fiom the op^iing. 

With the device and method according to tfie invention the administration of an (active) 
substance via the pulmonary route can be controlled vdth a much better accuracy, then would 
be possible with devices or methods according to the prior art. 
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Device and me&od for administradon of a fluid to a mamin al 

S The present invention relates to a device and a method for administration of an aerosol to a 
mammfllj the device compri^ng: 

- aerosol means for creating an aerosol in the device, 

- an opening for releasing the aerosol fix>m the device. 

1 0 There ate five common routes for adnunistraticMi of (active) substances to the body: 

1. across mucosal membranes (nasal, ophthalnuc, or sublingual deUvCTy), 

2. by injection or mfiision (including intramuscular, intravascular, or subcutaneous delivery), 

3. through the digestive tract (oral or gastrointestinal delivery), 

4. thiou^ the skin (transdermal delivery), and 

15 5. through the respiratory tract (pulmoiiary deUvery or inhalation)^ 

Pulmonary luhninistered substances can have different a^re^ite conditions: gps, liquid or 
solid. Pulmonary administration can be intended to have both a medical and non-medical 
effect Inhalation of substances can be done bo A flmnigh tt« nose and the nKmth. Substances 
20 for inhalation can be targeted at the body's systemic circulation systmi, but likewise &ey can 
be aimed to have an effect fiom the point of administration onwards.— Le. fiom die 
mouth/nose through to the deep lung. 

Traditional drug deliv^ metlK>ds - except injection and infusion - are used primarily widi 
' 25 sinaU iziolecules, such as individual pq;itides. Puhnonary deUvery 

variety of small-molecule drugs> mainly to treat respiratory disorders. Drugs with respiratwy 
applications include anti-inflammatOTy i^ents, bronchodilators and protease inhibitors. Yet, 
the deep lung is also a &vourable enviromnent for non-invasive delivery and absorption of 
large molecules — as the alveoli (deep lung) provide an extensive air-bipod interfoce allowing 
30 lazge^molecule proteins and peptides access to the body's systemic circulation. Therefore 

pulmonary drug delivery has the potential to be a much more effective route of administration 
of macromolecules, with a relatively higher bioavailability than with any other route except 
injection or infusion. However, the development of deep lung delivery systons could increase 
patient acceptance and improve conq>liance — as an alternative to the invasiveness of 
35 injection. 
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Inhaled Uquid and solid substances eventually deposit, whUe gaseous substances ate taken up 
through exchange. However, the inhaled substances may be partly exhaled. The depositioa 
area of the body comprises the moudi, the nose, the throat, die airway, the bronchi and the 
5 alveolL The desired location for depositi<m is primarily determined by Ae intended effect and 
the yield of the substance to be inhaled. 

Gas ^change ocanrs primarily in the alveolL In that case tibe gas is absoibed into the blood. 
Solids and liquids can likewise be absorbed into the blood. 

10 

For puhnonary administration of liquid and solid substances to the body, in most cases a 
device is used that produces a fine particle mist Whrat administering liquids the mist cmiasts 
of small moisture particles (aerosol) and in the case of solids a fine powda mist is obtained. 
Hie inhalation of dispersed drugs is most common in the treatment of pulmonary conditions 
1 5 such as asthma, bronchitis, and enq>hysema. Drug deli veiy products with respiratory 
applicadons include Dry-Powder Inhalers CDPIs), Metered-Dose Inhalers (MDIs), and 
nebulizers. 

During production and inhalation of a fine particle mist, lade of vmiSomaty is an inqportant 
20 problem. Tbs particles difira- in diameter and usually the particle size distribution is 

un^mmetrical. As a result &e fine particle mist has a mean and median size, a standard 

deviation and a certain bandwidth. The larger the bandwidth, die wider is the dq)osition area 

of the inhaled substances. 

25 Note: mathOTiaticaUy, Ihe most abundant particle si2» 

median size only in tbe case of a symm^cal distribution. Son^ medical specialists however 
consider the most abundant particle size in a produced mist as the median size even, in the 
case of an unsymmetrical distribution. In this document the malfaemalical median is used 
rather tfianfte most abundant particle size. 

30 

Investigations have revealed that the particle size of a fine particle mist strongly influences its 
deposition behaviour. This implies that as a result of size, an inhaled particle will dqK>sit in a 
certain location in the trajectory fiom mouth/nose to the alveoli. In addition the respiratory 
level (the flow containing the inhaled fine particle mist in litres per minute) affects tte 
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deposition behavioiir. A relatively low respiratory level requires the inhaled particles to be 
relatively small for opdmum depo^tion in the lower airways and deep lung. An increased 
re^iratory effort can partly prevent premature deposition of relatively large inhaled particles 
- e.g. in the upper airways. 

5 

Users of pulmonary delivery devices have their own respiratory behaviour. Furthermore the 
conditions of the tr^ectory mouth/nose to alveoU may strongly vary between 
r^t the deposition behaviour of a substance to be inhaled is difficult to fxedict Since the 
mean particle size of an a^osol to be inhaled is oftm lar^ or sniall» tlm the optimum size 
10 for the particular respiratory level of a user, the presumed depositum behaviour strongly 
deviates from the actual deposition pattern. For that reason control of tiie deposition 
behaviour is an important issue. 



The use of existii^ pulmonary delivery devices for administering a sutetance in many cases 
1 5 results in inefiSci^t deposition. Existing inhalation drug delivery systems typically also 

deliver only a fiaction of the drug to the de^ lung» as most of the drug is lost in the delivery 
device or in ite patient's mouth and throat Due to the fiact tiiat the patient must co-ordinate 
the breathing manoeuvre with aerosol delivery, Dry-Powder Inhalers and MDF s also fiiil to 
provide the deep-lung dosage rqnoducibility that is necessary for many systemic iq)plications. 
20 In addition, therapeutically valuable maoromolecules currently cannot be formulated for use 
in MDI systems, as macromolecule drug^ are denatured by the MDI formulating ingredients* 
A similar problem is associated with drug nebulization, which also t«ds to inactivate 
tfaerq;>eutic macromolecules. In addition, dry-powder systems do not provide the protection 
needed for the long-term stability of macromolecule formulations. Tterefore existing 
25 inhalation drug deliv^ systems such as dry-powder inhalers, melered-dose inhalers (MDFs), 
and nebulizers are used primarily to deliver drugs to the vppa airways of the lung for tibe 
treatment of lung diseases. 



A knowD device for administraticm of fdiarmaceutical pref 



[s aocording to the introduction is a 



30 diy-powde»* inhaler (DPI). Diy-powder inhalers are Iseatfa-actuated itevices 



m 






liTt 



g^erafted by die patio's inhaled air stream to deliv^ and dii^)«5e a drag in fine powder form into 
tiie hmgs. When using the dry-powd^ intudeis a person can breathe in and tfaer^ create afine power 
mist, which is adminislQed to the lungs. The mist is geaerated and administered without the need of 
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strict Imadiing oo-ordinfltkm tfiat is required f«r die proper use of a MDI (see below). Dry-powder 
inhalers do not need propellants and preservatives. 

f 

A disadvantage of the use of a diy-powdcr irbalet is tbe feet that the fiimrtidiial effectiveness 
5 of the apparatus depends on Ae padent' s ability to gramte adequate ieq;»ratory eflBart and 
airflow turbulence for disnqiting larger powder formations and producing an aerosol of drug 
particles of respirable size. Thereby, tte siphon Aat is used to create the mist does not 
contribute to the reproducibility of the required dose. In addition, dry-powder systems do not 
inovide the protection needed fcMT the long-team stability of macromolecule formulations. 
1 0 Th«efore the existing dry-powder mhalos are used primarily to deliver drugs to the upper 
airways of the Iva^ for tfie treatmoit of long diseases. 

Despite some functional Imntations of DPls and their higher average price conqiared to 
equivalent MDIs, the relative usage of DPIs in the managemrat of COPD patients has 
1 5 e3q>anded r^idly in the past three to foior years. Currently, sevml design versions of DPIs are 
available in the U.S. including GlaxoSmithKline^s Accuhaler™, Diskhaler™, Rotahaler™, 
Spinhaler™, and Tubuhaler™. 

The Accuhaler'™ contains a foil strip of 60 blisters, each containing a unit dose of tfie drug 
20 with a lactose carrier. The Diskhaler™ contains a coarse net that creates turbulence to de- 
aggiegate the drug particle. The dn^ is contained within four or eig|it foil-blistered discs, 
aUowiiigrmiltidose administration. The Rotahal«™ is a single-dose system that uses a coarse 
net to de-aggregate the drug particles and requires reloadiiig widi a cqisule 
appropriate drug dose. The Spinhaler™ is a single-dose systrai that uses a rotor mechanism to 
25 expel flie drug and requires reloading with a C25>sule containing an appropriate drug dose. The 
ciq>sules required in the Rotahaler™ and the Spinhaler™ may be susceptible to moisture. The 
Turbuhaler™ releases a unit volume of drug into 2 high-resistance, spiral channels, which 
<^eate a v<»tex and optimise particle size when the patient* s inspiratory flow rate is greater 
than 30L/min. This multidose device mdicates when 20 doses are left and does not use a 
30 propellant, the lack of which reduces cou^img and mutes tiie taste of the drug. 

AstraZenecaofifers the Pulmicort Tubuhaler™ andtiie Symbicort Turtouhal«™, anew dry- 
powder inhaler that offers adjustable dosdng, which enaUes doctors to tailor a patient' s 
treatment with a single inhaler. 
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The Symbicort Tuibuhaler™ is a combination of the budesonide, corticosteroid, and the 
rapid-onset, long-acting bronchodilator formoterol in a dry-powder inhaler. 

Another known device that is used to administer fltiid to a mamm al is a so-called metered- 
5 dose inhaler (MDI). This type of device is the most widely used drug-delivery device for 
inhalation drug th^^y of COPD. 

Met^ed-dose inhalers use piopellants from a pressurised container to deposit micronized 
particles of a drug into the airways. The propellant is pressurised and mixed with a fluid 

1 0 containing a drug. When releasing the mixture from the pressurised ccmtainer an aerosol is 
formed with micronized particles of typically 1 - 3 ^m. During administration, the particles 
will travel into the airways as £ur as halfway the bronchi. Thraeafier the propellant will 
evaporate, leaving the remaining particles in the lung and allowing them to travel deeper into 
the lung system. The fact that the mixture of propellant and active particles is feed into the 

15 lungs and the fiKJt that the propellant has to evaporate imtiaUy i^ 

move on, creates a time delay whoi administering the drug to a patient 

In the MDI-system the container canister is sealed with a special metering valve desigmd to 
release a predetemiined volume of drug-containing aerosol in each actuation. Within the 
20 MDI, the drug is suspended in a propellant witii added lubricants and surfiu^tants. Various 
devices can deliver up to 400 doses; the container's lifetime dq[)ends on the volume of drag 
dehvered per actuaticm. 

An advantage of an MDI system^ when compared with the above-mentiox^ DPI, is the fact 

25 that the systems are resistant to moisture and relatively cheap. 

An important disadvantage of the MDI-system is that fact that an exact co-ordination is 
requked in the actuation of the device with inhalation. The deport of active particles will 
depend on tiie co-ordination of the created aerosol and the inhalation of a patient 
Lung deposition from a MDI is further affected by the position of t^ 

30 lips, ibo lung volume at inhalation, tiie inhaled flow rate and the breath holding of a user after 
the inhalation (typically for 10 seconds). 

Other problems include the lack of a dose counter and the **cold Freon** effect, in which the 
patient stops inhalation as the aorosol readbies the tiiroat The low temperature of Ae mixture 
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eateting the body and die leflex of die user not wanting to inhale die cold fluid causes diis 
effect 

In oidCT to improve the operaWlity of the MDI-systems, a Breath-actuated MDI w» 
5 developed to inqxrove the efSciency of drug delivciy in patients vAio have difficulty in co- 
<Hdinating their faieathing efforts with the woddng <r^clc of conventional pressurised MDI. 
Bieath-acbiated MDI combine conventional MDI with a spring-<lriven activation mechanism, 
vdbich lequiies priming and is triggoed by the patient 

more. 

1 0 lliis leqmiement Ihnits die usability of tbe sys^ems^ since many patients^ such as COPD 
patients, will not be able to g^ofate the required flow rate. 



Bieadi-actuated MDI do not require the co-ordination that is necessary with conventional 
MDI; however, some i^tients are startled by the release of the spring, vdiich causes glottic 
15 closure. This problem may be overcome by using some of the newer MDI» which feature 

special, quieter activation mechanisms. The clinical efBcacy of a breath-actuated MDI system 
is equivalCTt to that of a correctly used conventional MDI system in asthmatics and COPD 
patimts. 



20 



ing 



25 



diambess in order to overcome poor co-ordination of actuation by die patient and the cold 
Fieon effect Spacers are attached to die exhaust opoiing and are available in different sizes. 
Small- volume S3)ac^ are available as integral or detachable conqxments of MDIs* Large- 
volume spacers^ which are sold sq;>arately and Q^cally replaced every 6 to 1 2 months^ allow 
the velocity of die aerosol to decrease before inhalation, allowing time for propellant 
evaporation and reduction in droplet diameter to less than S^m, 
drug deposition. Widi large-volume spacers, high-velocity i 
iiihaled stream, incaeasmg the efficiency of drug deliv^. 



i»eby ii^reasing pulmonary 
cles are deflected into the 



30 An inqxMtant drawback of the use of spacers, however, is that repeated actuations of the MDI 
and ddayed inhalation fiom the spacer is associated with up to 50% loss in drug delivery to 
the limg. These effects result fix>m both static electricity and die §Bict diat the half-life of the 
drug aerosol within the spacer is only 10 seconds. Weekly washing, widi the spacer left to 
stand after rinsing, reduces the level of static electricity. 
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Due to concerns regarding the impact of chlorofluotocafbon (CFCs) on the eaith^s ozone 
layer^ the Monti^ Protocol — a legally binding intmuvdonal agreement — obliges ail parties 
to fediice» then eliminate, all production and use of ozoi^-depleting substances, particulady 
5 CFCs, which have been \ised as a«osol propellants. As a result, Ae TOW CT 

propelled by the more ravironmentally Mendly hydrofluoroalkanes (HFAs). To date, only a 
few CFC-fiee MDI models (relying on HFA-based propellants) have bem launched in the 

However, CFC-free devices aie expected to take d^ place of conventional NfDIs in the 
coming years. 

1 0 Odier conqMmies offering MDIs in the U.S. include Nektar ThoapeuticsTM and 
SkyePhannaTNL 

A third type of device for the administration of fluids according to the introduction is a 
nebulizer. This device produces aerosols by either passing compressed air rapidly throu^ a 
1 S liquid or by viteiting a liquid at a high fi:equency using ultrasound. Both of diese methods 
I»ovide an effective mist for delivering medications. Pneumatic units are considCTed superior 
fiom the standpoint of depth of deliv^, as they produce a finer mist that travels deeper into 
die lungSy aldiough ultrasonic units are much quiets to operate and do not require a heater. 

20 De^ite the fiu:t diat die compressor or ultiasound unit lepresents an equipment investment of 
at least approximately $ 1 25 , the actual nebuli23er is nearly always purdiased as a diqx>sable 
unit to reduce the risk of cross infection. The exception is with patients wli^ 
home healdicare; in some of these cases, the i>atient may prefer to rely on r^isable or semi- 
diqx>sable nebulizers to reduce costs. Treatment nebulizers are small reservoir, handheld 

25 iq>draft devices used for intermittent deUvery of medications. They are us 

hospitals and for home-based immobilised COPD patiCTts. Medication nd>uli2ers are 
indicated for the delivery of "custom*' doses of brcmchodilators, corticosteroids, and 
mucolytics. 

30 AstraZeneca^s Pubnicort ReqmlesTM is the first nebulized corticosteroid in the U.S. for use 
by children as young as 12. After the premixed dose of liquid medicine in the respule is 
opened, die medicine is poured into a nebulizer, which uses a comfnessor to aerosolise liquid 
medication, dien delivers it via a fiicemask or moud^iiece. The NIH recognises the 
nebulizer as an effective delivery method for infEuits and young children. Nebulizers are now 
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widely used in fhe U.S. to deUva: nonsteroidal ast^^ 

RespulesTM is aprevendve n^asine, not a quick-relief treatment* and is not used to treat 
asthma attacks. 

5 Beside the aispaieat disadvantage of tiie price of the device, an important disadvanta^ of the 
present nebulizes is the fiact that these devices delivor only a fraction of flie drug to the deq;> 
Iung» as most of the drug is lost in the delivery device or in the padoit' s mouth and throat 

InvestigatiiHis have fiirtfaemioie revealed that both deposition and uptake of an inhaled 
10 substance influence the effect and the req)onse time of die administaped substance. Therefore 
the deposition behaviour of the substance to be inhaled must be considered "wbssi i»escribing 
a dose and detemiining the ideal mom^ of intake. InefiBcieiit deposntion - as a result of 
£iiluie to do so - is an obstacle for pharmaceutical and tnomedical coiiqwnies to ensure 
optimum use of their substances through inhalation. 

15 

For an optimum deposition effect, the deposition behaviour of tfie substance to be inhaled 
must be controlled in every possible way. As an example, it may be inq)ortant to improye flie 
uniformity of the produced mist In addition, it may be desirable to modify the mean particle 
size as required, e.g. to adjust it to the respiratory profiles of a generic group of users or that 
20 of an individual user. 

With reference to the above an otg ect of the present invention is to inqrove the adminis tration 
of a fluid to a tnamTnal. This object is in a first aspect achieved in that the invention provides 
a device for administration of an aerosol to a m a mm a l comprising: 
25 - aerosol means for creating an am>sol in die device, 

- an opCTing for releasing the aerosol fiom tiie device, whoein 

- the device is provided vfOh omtrol means, for adding energy to or removing energy fiom the 
aim>so] in order to th»eby control the particle size of the a»osol, prkx to releasing the 
aerosol fiom the opening. 

30 

hi a second aspect tiie invention relates to a method for administration of an aerosol to a 
mammal, comprising the stqps of: 

- creating an aerosol, and 

- administration of the aerosol to the mafirnial^ ^wlmdn the metfiod cmnprises the step of: 
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- manipulatmg the aexosol by addii^ or removing energy firom the aerosol in order to 
^ij^dby contzoUing the unifonnity and/or the mean particle ^ze of the aerosol of flie 
particles of &e aerosoU prior to releasing tbc aerosol to the mamma l in order to cteliver the 
(active) substance at a predetermined deposition area in the respiratory tract and/or the 

S lung system of the mammal* 

According to the invention it is preferred that the method conqirises die step of: 

- adding an active substance to the aerosol^ prior to releasing the aerosol to the m a mm al, in 
order to use the aoxisol as a carrier to administer the substance to a inamm^^ 

10 

An affect of this measure is the ability to control the conditions of a mixture befwe inhalation 
in ord^ to positively influence the deposition behaviour of the substance to be inhaled* 

The preset invCTtion provides a device axKl a method fyr die administration of an aerosol to 
1 S the lungs of a mammal. It is important for the present development diat tte aerosol' s state and 
condition can be controUed» as a Insult of \^ch the aerosol can be adjusted as r^ 

to the inhalation thereof 

In the inresent text the wording ^mammal' is used Mammal in the text refos to any human 
20 being or animal having a lung system. 

In the present invention the wcmling ^fluid' is used. This refers to any liquid* gas» aerosol or 
the like. 

25 In the pres^ text the wording "aerosor is used. This refers to a mixture of a g^s an 
moisture particles indiat gas, including the moisture in a gas state in said gas. 

In die above text wording is used such as ^the human body% *a patient^ eto. It is to be 
understood that the disclosed device and method can be used with the same advantages and 
30 eflBsct in the administration of fluids to mammals. 

In the process of administration of an aerosol according to the present development, die 
following stq>s can be identified: 
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Step 1 > f « |wifw»^ gtep it jg tft he determined what the preferred state and condition of 
the aerosol used for administering an (active) substance should be during ad m i nis tration 
tteieo£ The preferred conditions of the aerosol mainly depend on the (active) substance to be 
delivered and the preferred deposition effect for that (active) substance* Furdiormore, tf» state 
S and condition of the user can play a role* 

Sfgy 1: In a second process stqp an aerosol is created. 

Stisp : In a third process stqi the aerosol is manipulated to adjust die state and condition of 
10 the created aerosol in order to e.g. control the uniformity aiKl mean particle si2se of the aerosol, 
dqpendcnt on the preferred state and condition as esta bli sh e d in Step 1. 

Stqp 4: In a fourth step an (active) giihstance is added to the a»x>soL 

IS fifth gfAp thp> iu>rrfcgr^l jg admimofered tn a mammal. 

According to a preferred device and method all of the five steps motioned are required in 
order to prq>are and administer an (active) substance to a mammals Depending on the (active) 
substEmce to be delivered however, it is possible to administar an (active) substance not 
20 requiring the use of Step 4. Fkirdiermore, the sequence of steps may be varied as iqppropriate, 
where obviously any manipulation of any aerosol requires die prior creation of that aerosol 
and likewise any manipulation occurs prior to administration. In addition, the preferred state 
and condition of the aerosol will de determined prior to flushing the manipulation thereof. It 
is possible to execute some of the steps simultaneously. 

- 25 

Here belo w» the requir^^ts and the details of die Steps 2, 3 , 4 and S will be discussed in 
detail. 

The present invention provides a device and a method comprising with means to produce a 
30 mist of small moisture particles for inhalation. It is possible to introduce such a mist fiom 

outside the device ratha dian producing the mist inside the device. The means for producing a 
mist of small moisture particles is referred to as the "aerosol source'*. 
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The aerosol source used to gmcsate this mist may produce moisture particles contaimng an 
active substance, such as medication. It is also possible, that these moisture particles only 
contain inactive carriers^ sudi as water. A combination of active and inactive substances is 
also possible. Furdiermore the aerosol source can be breath-actuated, m use can be made of a 
S partial or complete support mechanism tiiat is manually or automatically operated. Different 
aerosol sources could be used simultaneously in the system. 

The mean particle size and the uniformity of a produced mi^ of moisture particles^ vary 
between aerosol sources. The mean particle size may range 6om e.g. sub-nano vp to sub- 
10 millimetre in diameter. Depending on die intended dq)osition effect of tiie substance to be 
inhaled and ti^ ability to control state and condition of the aerosoU an inhalation delivery 
device may be equipped with a spedfic anosol source* This way the mist of moisture 
particles may have a state and condition as required for the following manipulation process. 

IS Various methods and devices are available fi>r creating a mist of moisture particles. Hiexefore 
an inhalation deliv^ device may use an aerosol source based on existing technology. It is 
also possible that eventually a newly developed tedmology is used. Below, four examples for 
creating an aerosol are described. 

20 It is possible to produce an aerosol by either passing compsesscd gas n^dly through a liquid 
or by vibralii^ a Uquid at a higjh fiequency usifl^ ultrasouri^ Both metiiods will provide a 
mist, \^ch is capable of delivering a medication to die lungs of a mammal. Pneumatic units 
provide a fine mist, with a relatively small particle size. 

2S The use of a mist generator wiU produce an a^x>sol widi a lintiited u^^ 

the particle size will vary and that the bandwidth and standard deviation are consid^able. 

As an option the araeosol could be formed directly from a liquid contttining an active 
substance. As described below, preferably the (active) substance to be administoed is added 
30 to the aerosol in a separate st^. A onnlMnation of both is also possible. 

A {deferred coition to produce an aerosol is to use a fuel cell. According to this mediod 
hydrogen ai^ oxygCT are fod to a traditional fuel cell, creating heat, electricity and molecular 
water (water in gas phase). 
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The use of a fuel cell has many advantages. The first advantage is the fiu:t that the creation of 
the aerosol starts with the cieadon of a gas containing moisture at molecular level. ThCTefore 
this particular mettod offers the possibility to create an aerosol with a much smaller (mean) 



afflosol will be minimal. This uniformity will have the effect that the h a ndlin g and the further 



A further advantage of the use of a fuel cell is the &ct that the graeration of the gas will 
inxkhjoe electricity, viAiich can be used for the control systems in the <kfvice« 

Since the aerosol is used for e.g. drug delivery purposes, a Anther advantage is that the 
15 created water will be sterile. In addition, a filtCT may used to purify the flow - as most 
delivery devices make use of ambient air. This filter can remove particles, bacteria and/or 
viruses fiom the flow. 

In order to create an aerosol fix>m the formed gaseous water, die gas will be transported to a 
20 condensation chamber. 

An additional advantage is the fict that a condensation chamber is a relatively simple 
technical device. It suffices to have an enclosed sf^cc with a ccmtroUed temperature. A 
condensation chamber is in its construction a much sinq>ler device then for instance an 
- 25 evqxiration chamber. 

Tte use of a catalytic process is similar to the use of a fuel cell as described above. The major 
difiference is the £act that only tfa^mal energy is produced; no electrical energy. A catalytic 
process may use a liquid fuel, such as methanol instead of hydrogen, wfa»ein an (active) 
3 0 substance may be dissolved or where the (active) substance is coupled with the fueL During 
the catalytic conversion the (active) substance is liberated in a predetermined form. In flus 
way the additicm of the (active) substance is integrated with the creation of an aerosol. 
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few millimeties of the capiOary jet Aaosol foimation is complete within a few centim^ies of 



1 0 substance to be inhaled. Care should be taken that the (active) substance to be inhaled is able 
to resist the temperature needed to volatilise the liquid in the capillary. Therefore^ die use of 
this mrtfaod is limited As described in pars^raph 7, preferably the active substance is added 
to the aerosol in a separate step. A combination of both is also posdble. 

IS Instep 1 the desired state and condition of the aerosol used for the administmtion of a^ 

(active) substance to be inhaled is det»inined» based on the intended deposition effect of this 
(active) substance. In stop 2 an aexosol is created or introduced. Subsequently in st^ 3 dds 
starting aerosol is manipulated and controlled, such diat a change of state and condition of tibe 
Miosol — ifised for the administration of die (active) substance —positively influ^ices the 

20 dq>osition bdiaviour of the (active) subfitence to be inhaled. To that effect Inhaleness has 
developed an inhalation device aiMi method that can manipulate and control the mean and/or 
median particle size of an aerosol^ the bandwiddi and standard deviati<m thereof, prior to tfie 
administration thereof For tl^ repeatabiUty of the administration of an (active) substance 
using an a^x>sol, it is also important to be able to manipulate or control die state and condition 

25 of the aerosol. 

The proposed m^faod distinguishes a starting aerosol (irqput) fix>m a desired aerosol (output). 
Dqi^uling on die (active) substance to be delivered and its desired dq>osidon effect, tte 
requirem^its for c(»troUing and manipulating the state and condition of die produced aerosol 
30 are more less stringent. 

According to die present invention controlling botii uniformity and main pardcle sdze of an 
aerosoU starts with the choice of an a p p ropri ate method for creating the aerosoL Depending 
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on die method used for ^ imxhiction tfaereoi^ the aerosol vnh have a typical mean particle 
size, median, standard deviation and bandwidth. 

In order to ensure that a starting aerosol leaves the inhalation device in a desired state and 
S jcondition, the aoosol is manipulated and controlled prior to administration. To that effect 

ei^rgy is added to €x extracted fiom the aerosol, widi the objective to convert moisture fiom a 
molecular level (gas) to a liquid form or vice versa. As a result the mean particle size, median, 
standard deviation and bandwiddi of the aerosol change. 

10 hx order to add eoergy to or extract raergy fiom an aerosol, botfi temperature and pressure can 
be used as parameters. K is also possible to use a combiiiation of both parani^ hi order to 
avoid the use of pressurised chambers- in a simple embodinumt — it is preferred to use 
temperature only. In order to add energy to or extract energy fiom an aerosol, the temperature 
of the aerosol must either increase or decrease. 

15 

For the sake of convenience the starting aerosol is assumed to contain moisture particles, i.e. 
moisture in liquid form. The moisture particles act as condCTsatioii nucleL Since smaller 
particles exhibit a higher area to volume ratio than larger particles, the smalls parddes cool 
and evaporate at a higher rate than larger particles. This inq^lies that any moisture preset at a 

20 molecular level (gas) will condensate at the surfitce of the smaller particles rather than at the 
surfiu:e of the larger particles. As a result the smaller particles will grow at a higher rate than 
the larger particles- until an equilibrium condition is readied. Cossequently tiie mutual 
difference in particle size decreases and thus the standard deviation and bandwidth of die 
aerosol* In addition the mean ]mrticle size and median shift to ahig^er value and ti^ 

25 symmetry of the particle size distribution is improved. 

During a cond^isation process energy is extracted fiom the aerosol causing the mean particle 
size to increase. During an evi^Knation process oiergy is added to the aerosol and the mean 
particle size decreases. Contrary to condensation, vfbsK the number of moisture particles is 
30 practically unchanged, during evapMaticm the number of moisture particles decreases. This 
time the unifiwrnity improves as well. The smaller particles evaporate at a higher rate than the 
larger ones. As a resuh the bandwidth decreases, the standard deviation get^ 
particle size distribution becomes more symmetrical. 
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unifonnity of Ae aax>sol particles and tlie imaease or decrease of the mean particle size of the 
aerosol can be controlled. Jn this respect cmitrolled means that a specific amount of energy is 
extracted from the aerosol or added ibsaxto^ vnAi the objective to convert a qiecific quantity 
S ofmoistui^fromamoleciiIarlevel(gas)toaUquidfonnor vice versa. As a result a 
bandwidth, standard deviation, median, symmetry in mean particle size can be realised* 

In order to determine the specific amount of energy to be added or extracted, the heat ccqiacity 
of tiiie gas and the moisture present in the aerosol is evaluated. The jdiiysical values of ^ heat 

10 caps^ty are subsequently plotted against ^ quantity of moisture to be converted fixxm a 
molecular level (gas) to liquid form or vice versa. As a result the amount of energy that must 
be extracted fixnn the aerosol or added thereto^ in ordor to realise a desked convemon of 
moisture fix>m the oi^ to the other aggregate ccmdition. When this specific amount of energy 
is tfam actually extracted &om the starting aerosol or added ttereto, the state and condition of 

15 the aerosol change as desired. This is referred to as a regulated condensation process and/or 
evaporation jrocess. 

In order to detamine die specific amount of CT^ragy that must be added to a startijog aerosol or 
extracted fix>m it, it is also possible to exclu^vely considv the heat ci^MKnty of the moisture 
20 that is preset in the aerosol and neglect the heat cqiacity of the gas that is i»:esent in the 

aerosol. The result does not necessarily deviate very mudi finm die intention since the yield 
difference is relatively smalL The heat ci9>acity of a gas is aft^ all orders of magnitude 
smaller than that of a liquid. 

' 25 On the other hand it is possible to use the ev^>oration rate or evaporation yield as reference 



for certain ^yplications in addition to the heat C£q[>acity. lliis is done to enable a more accurate 



refer to the heat properties of the gas and liquid present in the aerosoL 

3 0 When the parameter tempexaturo is used to extract a iq>ecific amount of er«gy fiom an 
aerosol or add it thereto, the corresponding temperature gradi«t must be determined. The 
required temperature gradient is determined <m the basis of the heat capacity of the gas and 
moisture that is present in the aax>sol and die specific amount of energy that must be 
extracted fiom the aerosol or added thereto. As a result of the temperature decrease or 
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aerosol that is used to administer the (active) substance to the body* Subsequently the starting 
aerosol can be manipulated and controlled, to hrmg the actual state and condition of the 

1 0 aerosol to betl^ correspondence vfiQi tbe detuned state and condition, widi the objective to 

positively influ^tH^ the depo^on behaviour of the (active) substance to be added. As a lesuH 
the dq>odtion bdiaviour of the administered substance shows a betta fit of with the int^ided 
deposition effect thereof. Subseqi^ntly it is indicated, diat bihalraess manipulates and 
controls the state and condition of an aerosol by detracting anamount of energy fiom die 

1 S aerosol or adding it thereto. As a result a quantity of moisture is convoted fiom the one to the 
other aggregate condition, thus changing the state and condition of the aerosol that is used to 
administer an (active) substance to be inhaled. The degree to which the state and condition of 
a starting aerosol is modified differs betwera applications and/or users. Furthermore the 
d^ree of accuracy with which this is done may differ. 



case of 1 00% yiekl That means all energy that is extracted fix>m an aerosol or added tibereto, 
is used for the conversion of moisture fiom the one to the other aggregate condition. 
Unfortunately, in practice losses will always occur, even though additional precautions may 



condition of an aerosol can be controlled. 

For example in an inhalation device proposed by Inhaleness, an aerosol source is present that 
produces a starting aerosoL The aerosol source uses existing tedmiques and prodiK:es an 
30 unsaturated aerosoL The smarting aerosol is subsequently manqsulated and controlled, mch 
that the araosol can leave die inhalation device in adesired state and condition. As mentioned, 
in order to manipulate tiie state and condition of the anosol, a certain amount of en^^ is 
extracted fix>m the aerosol or added thereto of with the objective to convert a quantity of 
moisture fixmi the one to the other aggregate condition. 



20 




25 be taken to reach an 



yield. TTie hi 
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10 temperatuie dififemce exists Ifaat must be bridged inprior to leacbing a relative humidity of 
100% infhe aerosol. Only after that, will a fiirthCT decrease in temperatuie convert a quantity 
of moisture at a molecular level (gas) to moisture in liquid form* This inq^Hes fliat the amount 
of octracted energy in first instance is obtained fiom a temperature decrease of tiie Q&xtsol 
. down to tfae.condCTsadon point. . . _ . . _ 



If tiie starting aerosol prior to manipulation has a relative humidity of e.g« 90%» tl^ii the yield 



that must be realised, prior to reaching the condensation point. If the relative humidity is e.g. 
40%, the yield reduction is obvioiisly laiger. In tiiat case a relatively large tenq>erature jmap 
20 is required prior to reaching the concteiisation pomt 

Even if eirargy is added to the starting aemsol instead of retracted thereof^ the yield is 
reduced. When the relative humidity decreases during ev^x>ration of an aerosol the yield goes 
down. When ftd^lj^ig energy to an unsaturated aerosol the yield is lower than i^ien adding 
25 energy to a saturated aerosol. 

It is obvious that a reduced yield does not contribute to the mani]>ulation and control of the 
state and condition of an aerosoL In case of a reduced yield, more energy must be extracted 
fiom the aerosol or added thereto in order to realise the desired converskm of moisture fiom 
30 tte one aggregate condition to the otfier. The additional etxcxgy required for that, is difficult to 
determine wfam e.g. tbe dew point and the relative humidity of a starting aerosol are 
unknown. In the existing inhalation devices these parameters are unknown. For that reason 
the inhalation device and method proposed by Inhaleness may use measuring systems Aat 
enable a more accurate manipulation and control of the aerosoL 



IS 



is only reduced to a limited extent This is caused by the relatively small temperature junq> 
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The quantity of gas CTtering the inhalation device and used to produce a starting aerosol can 
for instance be measured. In addition the tenq>erature of this gas can be measured. The 
relative humidity of this gas can also be measured. Furfliemiore the quantity of nM>isture that 
S is added to this ^ during production of th^e starting aerosol can be determined. It is also 

possible to measure the temperature of die ndnilized liquid. By plotting the heat propaties of 
the moisture and ^is, that are present in die aCTOsol^ against one or several of the parameters 
previously mentioned, the detmnmation of tibe proper amount of mrargy required to realise a 
desired change of state and condition of ^ araosol is £udlitated. To the extent that more of 
1 0 flie parameters are known, the manipulation and control can take place with a higher 
accuracy. 

An alternative solution is to validate the process of making the startii^ aerosoL That means 
fit>m cliiucal or laboratory iiivestigations tiiie a^ 
15 aerosol or esdracted tfaoeof, in ord« to realise tiie desired conversion of moists 

desired change of state and condition, is known. The validation is used for making 
adjustments to the theoretical equations that are m>plied for manipulation and control. 

It is also possible to replace the aerosol source that is used, by an aerosol source that produces 
20 a starting aerosol with a relative humidity of 1 00%. That means, tbe starting aerosol has 
re£K:hed tl^ cor^nsation point When subsequently oiergy is extracted ficom the aerosol or 
added thereto, die yield will be optimum. 

WbexL it is not possible to ^ply an aerosol source that produces an aerosol with a relative 
' 25 hurnidity of 100%, or when for iristance too few paraineters of the starting aerosol are 

it can be desirable to deploy a condenser in ordet to bring die starting am)sol in a sat ura ted 
omdition. Because tiie aerosol leaves the cond^iser with a known tmqierature and a relative 
humidity of 100%, tte manipulation and control of the state and condition of the aerosol is 
&d]itated. Thus an optiiiumi startiiig dtuation has bem o:^^ It is also possible to realise 
30 the desired state and conditicm of an aerosol directly with die aid of the condenser, sach that 
administration theieof to the body can be the next step. 

TbG modification of the mean particle size and/or the viniformity is not equally important for 
all i^yplications. The manipulation and control of an aerosol may for instance be used to 
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change an aerosol fiom an unsatunited ooii^ 

that the control means ace used to increase or rather dea«ise the relative humidity of an 
aeiosoL Medications are known for instance that act better at a high than at a low relative 
humidity and vice versa. The manipulation and control of an aerosol can of course be done 
5 with flie intention to modify the mean particle size and/or the uniformity of the aerosoL 

Through the conversion of moisture fiom the one to ibc other i^gregate condition, a change in 
the unifomiity and the mean particle size is realised. When it is important that this 
modification results in a specific final value for the uniformity and/or n&ean particle size, then 
10 the uniformity and tibe mean partidesdze of tte starting aerosol mu^ 

tiiese starting values the quantity of moisture that must be converted fipom the one to the oth« 
aggregate condition can be determined. 

In order to learn the mean particle size of a starting aerosol, prior validation and/or 
1 5 measurement of parameters can be used. The l^ter however leads to a more complex 

inhalation device, whexeas for many applications this is not necessary. It is possible to soldy 
consider a state and condition that is expected beforehand. That means, in the past a 
validation of the production process of the aerosol has taken place and cm that basis die 
unifbnnity and/or deinean particle size ofthestartiiig aerosol can be p Inbotii 
20 situations, the starting value is known. Subsequentty tl^ quaiitity of moisture that must be 

converted fiom die one to the other aggregate condition can be detmnined* Next, based on the 
heat properties of the gas and moisture that are present in the aerosol, the specific amoimt of 
energy can tfaCT be determined that is required to realise tte desired change of state airf 
condition of the aerosoL 

25 

The mlended state and condition of the aerosol leaving the inhalation device, to an ^Oent can 
be a fixed vali^. That means, a obtain substance with an intraided deposition efifect is 
administeied and on tiiat basis a certain state and condition of die aerosol a^ 
administration of that substance. Additional fiu^tors that iniQr have a variable influence on tiie 
30 desired state and condition thereof during the process of making, maiupulating and 
administrating the aerosol are not taken into account 

Considering the desired state and condition of an aerosol as afixed value, implies a 
^noralising effect. For some applications this mode of qp^ation will suffice. When however 
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for a certain plication for instance the rei^iratory level of the individual user must be taken 
into account, this cannot be done. Due to the intended deposition effect of a substance to be 
inhaled, the lespifatory level during mhalation demands a spedGc state and condition of the 
aerosol carrying the (active) substance to be inhaled Therefcure tiie desired state and conditicm 
5 of the aerosol can differ per user. Furthermore the <fcared slate and c<M«iition of the aerosol 
may vary during the use of the inhalation device. 

The inhalation device en method according to the invention is able to measure in real time in 
order to (tetermine the desired state and condition of an aerosol. It is possible to measure for 
10 instance the reqiiratory level of the user and use that to control the manipulation of the 

aerosol . As a result the mean particle size of the aerosol can be acy usted to an optimum value, 
corresponding with the intended deposition effect of the substance to be inhaled that is carried 
by the aerosol and the respiratory level of the user. 

15 Previously reference has been made to the parametm pressure and/or temperature tlmt can be 
used to extract an amount of energy from the aerosol or to add it thereto, with the objective to 
change the state and condition of the aerosol. There is anotfa^ parameter however that can be 
used to this efifect, which is &e relative humidity. Here below m e3q>lanation is given with an 
example. 

20 

An inhalation device proposed by Inhaleness administers an aerosol to the usct based on the 
flow-through prindple. That naeans, a certain quantity of gas is introduced to the system. 
Hiis can be done by using the respiration of the user and/or a si^iporting mechanism, for 
instance a ventilator. A number of moisture particles is added to tte flowing gas wifli flie aid 

25 of an aerosol source. As aresult an aerosol is created. Subsequently flie aerosol flows through 
tiie inhalation device and tiie state and condition of the aerosol are manipulated prior to 
leaving the inhalation device. To that efifect energy is ^dracted from the aerraol or added 
tfaoteto, for which the parameters pressuro and/or temperature can be used. Preferably the 
parametw ten^eraturo is used. Thus no pressure chambos are required and the total volume 

30 of the flowing aerosol remains equal, since no gas or other aerosol is added. 

It is possible however, that the state and condition of the aerosol are manipulated by adding 
another gas or another aerosol fliereto. This way energy can also be extracted from the aerosol 
or added th^eto. When a gas widi a lower relative humidity than that of flie aerosol is added. 
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&e aaosol wiU extiact «iei«r fi»m the gas. As a re^ 

stardng aerosol. When a gas widi a higher relative humidity ttian that of tte aeiosol is added, 
&e aerosol deUvers energy to Ae gas. This meam 

aerosol. By controlling this process, it is pos^ble to control *te state and condition of the 
5 aerosol . Controlling this jHocess means, taking the relative humidity and the volume rato 
account of both tf» starting aeiosol and the gas or aerosol added thereto. By adjusting these 
parameters relative to each other, while taking into account the heat properties of the used gas 
aiui/or moisture^ the state and condition of the starting aerosol can be manipulated. 



10 In summary, manipulation and control of ibo state aiMl condition of a startmg aerosol can take 
place with the aid of a controlled condensation process and/or evaporation pix>cess. To that 
effect the starting aerosol is cooled, heated, diluted or varied in pressure. The previously 
mentioned control means can be deployed separately or in combmation. Thus it is possible for 
instance to cool initially, heat next and subsequently dilute. Another sequence or combination 

15 is also possible. 

At the time the prefonred state and condition of the aerosol leaving the device are calculated, 
it is preferably takea into account that upon leaving tiie device and CTtering the body of tlie 
nim«*"aJ, the state and condition of the aerosol will change again and the uniformity and 
20 mean particle with it 



The additional advantage of bringing a starting aerosol to a saturated condition by applying a 
temperature gradient is, that the temperature of this saturated aerosol is known* Suppose the 
temperature of the saturated aerosol is SO degrees centigrade. When the saturated aerosol is 

25 subseqi^ntiy administered to ahuman, the aerosol will decrease in temperature, until the 

moment that the Carina is reached. That location in the body has a constant temperature aiKi a 
relative humidity of 100%. Since the tenqxsature decrease of die saturated araosol is k^ 
the quantity of moisture at a molecular level (gas) that is convoted in the tny ectory to 
moisture in liquid form is knowsu From this information the growth of the mean particle size, 

30 prior to reaching the Carina can be deducted. 



To prevent the aerosols fiom increasing in size as a result of continued condrasatimi, we add 
unsaturated gas, e.g. axnbient air, preferably with the same tenq>erature as that of the saturated 
mixture leaving the condenser. As a result, we bring down the degree of saturation of the 
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mixture causing the aerosol to partly evaporate. By adjusting the ratio of unsaturated gas 
added and the mixture itself, tbe aerosol leaving the inhalation device will have a 
predetermined state and condition allowing the fine moisture particles to reach Ihdr 
iqypropnate size on their way from tibe device to the desired tai^et dq>osition area. 

The process steps of making an aerosol, the manipulation thereof the addition of an (active) 
substance thereto and the administration thereof can be integrated. This can be done in 
various ways. Here below two exanq>les are given. 



10 
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In an inhalation device according to the invention, a catalytic process is used as the aerosol 
source. This aerosol source produces a gas ccmtaining molecules of moisture. The (active) 
substai»:» desired to be adckd, inay be present in the prodiu:»d gas. Ih^ 
introduced to a condenser. The gas becomes saturated, condenses and leaves the condenser 
with a certain temperature in order to be administered. 



An altonative possibility is an inhalation device wherein a fiiel cell is used as tl^ aerosol 
source. The fiid ceU produces a gas conlaiiiiiig wal» at a molecular 1^ The substance 



desired to be added is 





1 









rt of the produced gas. The gas is led tiuough a condsosct prior to 
adding the substance to be added. The produced gas teaves the cor^Amser as an aerosol with a 
relativehumidity of 100%. Subsequentiy the substaiice to be added to the aerosol can be 
added. In order to prevent the added substance to act as condensation nuclei, it may be 
decided to initially dry the aerosol by dilution prior to adding the substance to be added . 



Once the saturated aerosol leaves the condensation chamber, the aerosol may be diluted by 
25 means of a gas, such as ambient air. The dilution of tbe aerosol means that the c onden sa tio n 
process will be inverted. The dilution of tte aerosol will decrease tiie dew point thereof. The 
dilution of the aerosol, for instance, is achieved by using a gas witii essentially the same 
tonnetature as the saturated aerosol. 



30 The particle size of the aerosol reaching tiie exit of the device for administration of the 

aax>sol, irrespective of the question whether an active substance is addted to tiie aerosol or not, 
mainly depends on the particle size of the aerosol when leaving the condensation chamber in 
combination with the dilution of the aerosol downstream of the condensation chamber. 
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The combination of condensation and dilution may be used to fine-tune tfie aerosol in oider to 
obtain an aax>sol ^tfa the pref en red particle size. 

In Older to manipulate and control flie state and condition of flie aerosol, tiie aerosol may be 
5 fed to a condensation chamber. The aerosol entering tiie condense has a specific state and 
comlition. UsuaUy the aerosol source governs tiie state and condition of the aerosol • It is 
possible however that the state and condition of the aerosol are adjusted prior to entering the 
coiKienser. To that effect the inhalation device may be provided with the ^expropriate means. 

1 0 Thus it is possible that the aerosol «tering tiie condenser is filt»»d in order to remove for 
instance fine dust particles or that some of the moisture particles tiiat are 
are c£q>tured. Likewise it is possible to partition the a»t>sol produced by the aoosol source 
over several condensers. Furthermore several aerosol mixtures may be combined, after which 
this combined mixture flows through a condenser or is partitioned over several condensors. Li 

1 5 Edition several a^sol mixtures can for instance subsequentiy flow througli a condenser or 
of separately or jointiy enter several condensers. It is also possible tiiat prior to or iQX>n 
entering the condenser a substance is added to the aerosol. Furthermore it is possible that tiie 
introduced aerosol is changed in volume prior to entering the condenser; for instance by 
separation. 

20 

TTie condensation chamber will have the form of an CTclosed space, preferably with a first 
open end to receive the aerosol in the condCTsation diamber and a second opea end to relrase 
the aerosol. Because of these features the condensation chamber can be used as a flow- 
through condensation &cility, with a minimal obstruction of the flow of die aerosol towards 
25 the exit of tte administration device. As a result of resistance in the condenser, the flow rate 
of the aerosol leaving tiie condenser is probably lower than it is vAxai entering the condenser. 
It is also possible to d^b»:ately increase that flow rate with the aid of siqq^xirting means. Use 
can be made of an adjustable resdstance. 

30 In the condensation chamber means are provided to cool tiie araosol flowing by . As a result 
the temperature of die aerosol gradually decreases, resulting in the aerosol leaving the 
condenser with a lower tenq;)erature than it had upon entering. In the condenser cooling can be 
efiected fixmi the outside inwards- tiiat means the walls are cool« than ibo entering aerosol. It 
is preferred how6v« to cool fiom the inside outwards- in that case the walls of the condenser 
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have a temp^atme fliat is higterthan or equal to the temperature of the aerosol oxtmng 
and/or contimung through the cond^iser, awhile tibe aerosol flows along and eventually 
through a cooling elemcait that is placed inside die condensation chamber. Hiis set iq> has the 
advantage that no cond^isation occurs on de walls* A combination of bodi ways is also 
5 possible however. 

As mentioned^ the aerosol flows along - and preferably through - a cooling element diat is 
placed insi<te the ccmdensation chamber. As a result the aerosol flowing by will decrease in 
temp^ature. The cooling elra^ient can be placed symmetrically m the cSiaiuieU however this is 

10 Mt a prerequisite. IfdesB»d, the walls of die coirfCTsernaayc^ 

discourages condensation or may be provided with such a m a t eri al. In addition measures can 
be taken to reduce the resistance^ such as smooth (plastic) walls- evoitually provided witti 
such a material, for instance a coating. The cooling element, along vMch the araosol flows, 
can also exi^ of irfft^^l that discourages condensation or be provided with such a material. 

1 5 Condensation <m the cooling element is not absolutely required, since a starting aerosol 
already contains condeosation nucldl in ibe fiom of small moisture particles. 

The temperature may be set to oisure diat the aerosol will be fidly sat ur ated at the time of 
leaving die conteisation chambn. Although in thewy the total quantity of moisture ui the 

20 aerosol leaving the comtenser should equal the quantity of moisture diat the aerosol contained 
\spon entering, in practice the quantity of moisture in the aerosol leaving the condenser will 
probably be lower as a result of *losses*. Moisture can for instance be removed by means 
provided to that effect This moisture may be transfCT^ to a storage tank in tte device or 
may be discharged outside the device — eventually this moisture may be added to the aerosol 

25 source and/or an aerosol entering the condense:. Measures can be taken to capture the 
moisture particles present in the condmser with a certain size, for instance by moisture 
separation. Due to a low flow rate it may occur that moisture particles with a certain size are 
no longer carried and ^drop out' of the aerosoL 

30 In order to r^rieve the condCTsation energy, which is released in die coiftdensaticm chamber a 
Peltier-element may be used. The energy that can be retrieved by means of said Peltier- 
element may be used for control systems in the device. 
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After leaving the condcDsadon chamber in prindple be admimstere^ 

mammal. As described below, it is also possible to add an active substance to the aerosol prior 
totfaaL 

5 The device according to the inveoti on is adapted to create, manipulato and administa an 
aerosol, the aerosol being a carrier for the delivery of an active substance, such as a drug to a 
mammal. 

There are several options to ensure that the aerosol contains an active substance. A first option 
is to produce an aerosol firom a liquid containing tiie active substance. According to tiie 
10 preset invention an active substance may be present in the liquid used to produce the i^rosoL 
However, in a prefenred embodimraft of the device tiie active subs^ce is added to tte aeax^l 
in a separate stq>. Theieaftar the combination of the aerosol and the active substaiu^e is 

arlminlg tened to a mammaL 

IS Below three different techniques for adding tiie active substance to an aerosol will be 

described. The tedmiques relate to the addition of an active substance in the form of a gas, 
liquid or solid to the aerosol. 

It is to be understood that tiie methods can be multiplied or can be used in parallel. That 
means for instaiK:!^ that a first and a second active substance, intiie fixm of a liquid and an 
20 active substance in tiie form of a gps may be added to the same aerosoL 

In case an active substance is added in the form of a medical gas, the doses will be relatively 
small. In case a large amwmt of gas is to be delivered to a patient, it will be more practical to 
use a respiration device. 

25 

The i^ve gas will be present in the device in a canisto:. The addition of the gas to the aerosol 
can take place by opening a valve, which closes tiie exit of the canister. 

In practice, it is v^ advantageous to use an aerosol for the administration of a limited 
30 amount of gas. 

In the first place the flow of tiie aerosol will provide tiie necessary energy for tiie transport of 
the gas to tiie lung system of a mammal. 
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The aeiosol and the particles in the aerosol will also ensure good mixing of the limited 
amount of gas with a reasonable amount of ambi wt air in order to be able to ad minis ter the 
gas in a diluted foiro^ 

5 Since the presence of the aerosol will ensure good mixing, the gas in the canisto: can have a 
high concentration of active substances^ without running the risk of overdosing a certain area 
in the body of the mammal during the administocing of die active substance. 

A fiirlfaer advantage is die that the aerosol^ for inslanw 
10 also provide the necessary moisture to moisturise the lung sys^ of amammal duruag the 
administration of the gas. 

Ibere are several ways to ensure the mixing of an active substance in die form of a liquid with 
an aerosoL . . . _ ... 

15 

I: According to a first method the liquid containing the active substance is pumped through a 
membiai^. The membrane is provided with apertures with a size typically in the range of 03 - 

0,7 Ji 

20 n: According to a second method, the liquid containing the active substance is put under 
pressure and allowed to adjoin a membrane provided with apertures. Since die flow of die 
aerosol a^oins the opposite side of the membrane, the pressurised liquid is allowed to 
evaporate and as aresutt a vapour containing the active substance is added to the aerosol. 
The particle size of the particles altering die aerosol flow will dep&ad on the size of tte 

25 aporimes in the mem1»:ane. The particle size is reli^vely small, allowing the particles to 
evqpKirate in the aerosol flow. 

Because of die good mixing that can be obtained betweai the utosol and the active substance 
added to the aerosol, the active substance can be added with a hi^ concentration, in small 
quantities. The advantage thereof is diat a small resovoir containing die active sub^ance will 
30 suftice for a large number of doses. This is possible because of the feicA that according to die 
present development the active substance is not dissolved in its carrier v/bisa provided in die 
administration device, but is added to a separate carrier in the device itself. 
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Due to tbe fiu* tfiat Ae gas is relatively dry, the pasdng gps (flow Huough principle) is 
'hungry' for moisture. This moisture is fonned at the sur&ce of the membrane. At tfiat 
membrane sur&ce the liquid medicine is coming through 

5 III: According to a thiid method Ihe active substance is dissolved in a propellant, such as CQ2. 
Tte i»opellant and the active substance arc contained in acanister, closed by means of a 
valve. Upon opening the valve tiie propellant ami the active substance are released and witer 
the flow of the amsol. The {Hopellant will evsqiorate and the active substance will be earned 
towards its destination fay means of tiie aerosol. 

10 

The active substance is in the production phase mixed, coupled or bouml Chemically to an 
evaporating substance. This evaporating substance will allow the active substance to be 
released fiom the canister. The evaporating substance will not be used as a carrior to transport 
and <teliver the active substance. The eviration of the substance will allow the active 
1 5 substance to be adhered to or mixed with the aerosol. The aerosol will be the carria 
transporting the active substance to the preferred deposition area. 

c 

The evaporating substance will typically evaporate in order to limit the distance of travel of 
tiie combination of active substance and eviqx>rating substance to less then SO mm. 

20 

In case the propellant is CO2, tte evqxmded propellant can be inhaled by a mammal without 
creating any healtii risk for die mammal. 

25 In case an active substance in tiie form of solid is to be added to an aerosol, two cases have to 
be distinguished. 

A first group of solid active substances will dissolve in a liquid. Those substances can be 
added to the aerosol in a way similar to tiie addition of a liquid to the aerosol. 

30 

A second groiq» of solid active substances will not dissolve in a liquid. This second group of 
solid active substances can be added to the aerosol in the form of a powdCT. Sisuse the particles 
of the active substance are added to an aerosol, \^ch is not 100% saturated, the i^trticles will 
not initiate furtiier condensation of the aerosol. The powder will be taken up by the particles 
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in die aerosol and carried by tbe aeiosoL The particle size of the powder will determine the 
growth of the resulting particle size of tte combination of aerosol and powd» particles. 



In order to avoid dustoing of the powder particles during addition to the aerosoU the particles 
may be added to &e aexosoU using an electrical device in orda- to provide flie particles with a 
certain electrical chaise. 



10 



The level of saturation will be 100% at the level of the carina. 

The feet that accordii^ to tfie present development solid active substances can be added to a 
mammsil^ using an aerosol has the advantage that the inhalation of an aerosol containing a dry 
powdCTwill be mndimore comfortable, then the mhalation of a dry powder, for instance 
using a gas flow as a carrier. 



IS 



Onoe the aerosol has leached the outlet of the administration device, it is ready to be 
administered to a y^^fninal Since the aerosol is manipulated to have the 
for the active substance to be delivered, the predictability of ^ diq)Osition of the active 
substance is greatly improved wh^ compared to prior art devices and methods. 



Tlie predictability of the deporition will allow a much I 
20 administered to ansa. 



control of the active substam^e 



25 



Thsrc are several options for ti^ administration of tiie amosol to the mammal. The syslem can 
be breath-actuated, meaning that the intake of the aerosol will be depeaadmt on the respiratory 
effort of the tngmmal. The system can also work with a breath su^sport, meaning that the 
device will help tiie ffi^mal with the intake of the flow. 
The device according to the present development can also be used in lii 
It may be used in cmnbinalion with a mask or a mouthpiece. 



30 



According to the present developmmt the administration of the aoosol can be monitored ai 
managed using a real time control systCTfi. This control system requires the use of sensors, 
control medianism and process means to fine-tune administration of the active substance 
depmding on the specific administration conditions to a preset value for optimal delivery. 
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The control system must be ad^^yted to fine-tune the amount of active substance to be 
administered and must be able to time tihe addition of the active substance to the aerosoU in a 
breath cycle. 

S The flow can be measured directiy by means of a s^isor or can be deducted using a 
combination of a flow obstruction and a pressure sensor. 

The present invention can be used as a breath operated system. That means a user has to 
provide a mitiitnimi respiratory effort to initiate a flow through the device towards the mouth. 

10 

A breath-actuated system may very well be equipped with afuel cell fijrihe prodiwrtionof the 
aerosol. In this case the user generates a flow, which will be led over a membrane in the fudi 
ceU. The aerosol wiU then travel via the coiidensation area towards the exit of ^ 
Prior to leaving the device, an active substance can be added to the aerosol. 
IS In this case, the control of tiie flow tfarotigh tiie device is mainly dependent on the inomentary 
tespiratoiy effort of the user. 

b case a user is not able to graerate any flow, or is only capable of generating a limited flow 
through the system, additional means may be provided in order to improve the flow through 
20 the system towards the exit tiiereof . These additional means may have the form of an 
appropriate feax or ventilator. 

In onter to closely monitor the flow in the device-mammal inter£u:e, the device is preferably 
provided witii a flow meter. This flow meter is preferably connected to a control mechanism, 
25 capable of controlling the additional flow that is to be generated by the ventilator. 

During the tiansf^ of the a»osol to the y^smmsil^ the lung system of the mammal will be 
gradually filled with the iiKX>ming aerosol. SiiKC tiie £K:tive substance can be ackled to die 
aerosol in a separate staep, it is poanble to select tiie time of addition of the substance to the 
30 aerosoL That means in case the active substance is meant to entor tiie deep lungs, tiie active 
substam^ is added to the aax>sol at the start of a breath c^cle. The active substance will be 
carried to the essentially empty lungs and therefore reach a deeper level of the lungs then in 
case the active substance was added to the aerosol at tiie end of abreatfa cycle. The later the 
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jmttlie active substance is added to the aerosol, the closer to the mouth the deposition 
of tiie active substance in the mammal iviU be. 



In cmler to be able to time the moment of addition of tiie active substance to the aerosol^ the 
system is preferably provided with a combination of a flow metar and a amtrol medianism, to 
monitor the flow towards the msmmal and to be able to choose the preferred moment for 
adding tiie active substance to the flow. 



10 



Since according to the pieseiit development the active substance is added to the aerosol in a 
separate step, the addition of active substance msy take place at chos^ iotervab not 
necessarily coinciding with ev^ breath cycle. This enables tte ^vice to adjust the addition 
of the active substance to ttie preferences of a specific user. 
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Thereto the device is preferably laovided with means fOT instance to set a maxnni 
of active substances to be administered to a user» jper time unit Moreover, the device tl 
preferably com]Hises means to measure and store the amount of active substances added to 
tfie aerosoU per time unit. Depending on the use of die device by a specific user, the device 
can then add active substance to the aerosol in order to ensure that the user receives the 
required dose, withoiit the risk of ovradosing. 

At die momoit die aerosol is idministered to tiie us», the aerosol can be diluted. This dilution 
may take place by adding ambient air to tl^ flow to be administem! to the user. 



25 



30 



The following five steps have been idratified in die method of administration of an active 
substance to a mammal: 

Step 1: Determination of the preferred particle size of the aerosol during administration 
thereoi^ depending on the purpose of tiie active substance; 
Step 2: Creation of an aerosol: 

Step Vfflfiipiilati on of the am>sol to control tiie particle size of tiie particles in the aerosol; 
Step 4: Addition of an active substance to the aaosok and 
Step Admmijrtra tion of the aerosoI to a manmial. 



It is to be tmderstood that the different steps 1-5 are interrelated. 
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For example, in case flie amount of aerosol created in a bteaOi-actuated system decreases, due 
to a decrease in the respiratory effort of the user, the parameters for the manipulation of the 
aerosol must be amended in order to ensure an optunal particle size of Ae aerosoL 

5 Hmc below the parameters that are of int^n^ for each of Ae five steps and ti» interrelation of 
each of the steps is discussed in more detaiL 

The preferred particle size of the aerosol depends on the preferred dqx>sition area of an active 
substance m fee lung system ofa mammal. The preferred particle size also dgnaids on the 

10 actual flow of aotraol in a breath cycle. 

The actual particle size of tfie aerosol and the flow of aaosai in one brealfa cycle in 
combination with the timing of addition of the active substance to Oie aerosol m that breath 
cycle, <tetemune the resulting deposition area of the active substance in tt« hmg system. 

IS T- Thft prftfpirred deposition area of tiie active substance dqiends on fee followmg parameters: 
_ The active substance to be delivered to the m a mmal , 

^ Ti.<> tti» iimo <w«tmn tn be readied and/or treated with fee active subs^ 

^^^^ AAA %AA^|^ A'^A^A^^^ ^^jp ••'^B* 

. Incaseofamalfumstioninthebodyoftlie 
treated, 

20 - The amount of active substance to be admin^^ 
- The age of the maxximal* 

Most of flie indicated parameters can be pre-programmed in a device to administer tfie active 
substance. It is possible to provide flie device with process means, such as a computa:, which 

25 ace able to receive and store the specific parameters for a specific use of the device* 

It is also pos^ble to add information on tiie prefmed deposition area, and thus the preferred 
particle size of the aerosoU on tiie packagmg of tiie active substance* This mformalion may be 
supplied in the form of a Bar Code. Thus vAie^ a user inserts a cq>sule or similar pa ckaging 
with active substance in the delivery device, the device is automatically provided vntfa 

30 information on the operational details for the administration of tfie active substance in the 
capsule. 

n : The firiw throu^ a device depends on tl^ respiratory effort of a user, in case a 
breath operated system is used. In a device provided with means sudi as a vradlator to assist 
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ibR flow, the actaai flow depends botii on the user and the additional flow gen^ated by the 

system. The actual flow is preferably n^asured 

the fifth step of the process. Thfa information is prefer 

Older to (re)caiculate the preferred particle size of tiie aerosoL 

5 

In practise* the device can be provided whh control means to calculate a prefixed particle 
size fortlK: a^osol based on an estimated flow. The measuremrat of the actual flow can then 
be used to adjust the control of the particle si23e in the device. As an option a minimum 
number of faieatfa cycles may initially be measured and the actual flow may be used to fine 
10 tune tiie control of tiie particle aze, prior to tiie addition of any active substance to tiie aerosol 
in the Fourth Step, thus ensuring that the active substance actually reaches the preferred 
depc^tion area, 

Tliis means_that dqp«Kiing after a measurement of ti^^ 
1 5 size in the device can be changed in ordCT to adapt the particle size to this flow level. 

Alternatively » tiie flow can be regulated by using additional flow means in order to obtain tte 
pieferred flow leveL witiiout the need of chan^g the particle size of the aerosoL A 
combination of tiie two (changmg botfaparticde size and flow) could also be used. 

20 The reqimed particle size and the required accuracy relating to ti^ 

deviaticm of the particle size in tiie aax>sol are the main oiteria in selectii^ a teduiique for tiie 
creation of the aerosoL 

After the creation of the aerosol the aerosol is manipulated in order to control flie particle size 
- 25 ofthe aerosol. The prefmed particle size -as detennined in the First Stqp 

detemiines the degiee to which the parameters regulating the manipulation of the aerosol are 
varied in order to obtain that preferred particle size. 

As previously desoibed, according to tiie present development, the manipulation of the 
aerosol takes place in two steps. In the first step the aerosol is saturated. In the secomi st^ the 
30 aiKosol is diluted with a gas» such as ambient air. 

The addition of the active substance is depends cn the following parameters: 

- TI^ active substance to be deliv»ed to the maminal^ 

- The area in the lung system to be reached and/or treated with the active substance. 
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- In case of a maifimcdoimig in the body of the mammal, the specific malfiinctiomng that is 
to be treated vnUi the medication, 

- The amount of active substance to be admims tered to the m a mma l , 

- The age of the m a mm al , 

S - The psychic condition of the m a mm al. 

The addition of the active substance will be intendated with the actual flow in the device. 
The addition of the active substance is preferably regulated depending on the fiequency of the 
use of the device by a user. 

10 

As desoibed above, the device may be pwvided with means to set amaximum amount of 
active substances to be administraed to a user per time unit Moreover, the device preferably 
comprises means to measure and store the amount of active substances added to the aexosol, 
per time unit Depending on die use of the device by a specific user, tibe device can dien add 
1 5 active substances to the aerosol in ordesr to ensure that the user rec^v^ the required dose, 
without the risk of overdosing. 

An important efifect is die timing of the addition during a breath cycle. The later the moment 
die active substance is added to the aerosol, the cIosct to the mouth the d^osition arsa of the 
20 active substance in the mammal will be. 

A further aspect of the addition of active substances and the control diereof is that the device 
may be used as a placebo. The user may use at a frequency he prefers, while die device 
legulates the actual intake of a mftYimmTi amount of active substance per time unit 

25 

In a similar way, the device may be provided with alarm means to inform a user, in case he 
has mit received sufficient active sutetance per time unit 

The administration of the aerosol will take place fit>m the outlet of the device. The amount of 
30 aerosol and die flow administered fiom that outiet depend on die reiqiiratory effort of the usw 
or alternatively on the additional flow generated in the device or on a combination of the two. 
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The actual flow ftom the device towards ihe patient is prefiarably momtoied in order to 
control the process steps 1 -4, as described above and to thereby control the deposition of the 
active substance in the lung syst^n of the user. 

5 The systems for monitoring the flow fix)m the device to the user may comjHise flow seaisors. 
The control system and the sctsots can get their energy for opmHon thereof ftom a battery in 
the systOTi or altanatively directly fiom a fuel cell, m case the 1^^ 

for the production of an aerosoL 

10 AnexanQ>le of the device is shown in the accCTq>anying drawmgs» wherem: 
Fig. 1 s1m>ws schematically the production of a vapour by means of a ftiel cell; 

Fig. 2 shows aftiel cell stack; 

Fig. 3 shows schematically an embodiment of an inhaler vnih 2l fuel cell for creating a vapour, 
enclosed in a housing; 

1 5 Fig. 4 shows the inhaler according to Fig.3 provided with a condenser for creating an aerosol; 
Fig. 5 shows the inhaler accordii^ to Hg. 4 provided with a dilution chamber, for decreasing 
dse dew point of the aerosol; 

Fig. 6 shows the inhaler according to Fig. 5 provided with amixer, for adding an active 

substance to the aerosol^ and 
20 Fig. 7 ^ows an embodiment of the condensation chamber in the device. 

The developm^ of a new drug involves more than the synthesis of a substance fliat has a 
particular effect on the body. The develops must also consider how to transport the drug to 
the qipcopriate part of the body and, once there, make it available for use. 

25 

With advances in drug development, the way in which a drug is introduced into the body is 
almost as inyiortant as the drug itselfl I>n:« concentration must be maint a ine d at a level that 
jmvides mainTniim flierapeutic braefit The goal of drug administration is the achievCTiait of 
a desired level of drag concentration and therapeutic effectiv^iess at tfa^ 

30 of action. 

In aprefened configuration of the invention, a personal inhalo* using a fiiel cell is shown in 
HGl. 
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The fiicl cell 1 according to Fig. 1 is an decbochemical device lhat comlnnes hydros 2, 
fiom a container 2A, and oxygen 3, fiom a container 3A, to produce water 4. heat 5 and 
electridty, schematicaUy represented by U^t bulb 6. Alternatively, the flow of oxygen can be 
provided by means of ambient air. This is schematically shown in Fig. 3. 



As hydrogen 2 flows into the fuel cell's anode lA and oxygCT 3 into tb» fuel cell's cathode 
IB, fte fliel cell produces pure wato^ 4 and heat S. Tbat means that the fiiel celll produces a 

v^ur with an elevated tenq>erature. 



10 As shown in Fig. 2, individual fuel cells 1, 11,21,31 maybe 
10 to increase flie total electrical power g^ierated. 



1 into a fuel cell "stack' 



Tlie iTOcess of generating a warm Vfi^m accoiding to Figs* 1 and 2, according to tbe 
invention is entiai^)ed in an inhaler. 
15 Fl^ 3 shows the fuel ceU 1 ix)dtioned inside an inhaler, sche^ 

15. Tlie opraing 17 for releasing the aerosol is positioned at die right end side of tte cylinder 
IS. 



Because of the enclo^ire 1 5, ttevi^ur generated in the fiiel cell 1 will condense and form a 
20 sterile aerosol 16. Accoixling to Fig, 3 die required amouiit of oxygen is pro 

ambient air 18. Alternatively, the oxygen is provided by a oontainor as described with 
reference to Fig.1. 



Upon txaveUiag through the inhale, fiom the fuel cell 1 towards the op^iing 1 7 the vapour 
25 continues to condei^ causing the particles in the aerosol to increase in size. This is 
schematically indicated by ina:easing the i»ze of the repres^ted droplets. 
This increase in particle size is undemed, dnce the particle size of the aerosol determines its 
stability and the depositimi effect. 



30 In ord^ to be able to manipulate the particle size in die a»osoU acoordi]^ to the invention, 
the inhaler 15 is provided with a ten^ierature-controlled condenser 19. This is shown in Fig. 
4 . In this condenser 19a saturated mixture is formed. Hiis enables control over tl^ 
temperature profile of the aerosol and in particular the particle size of die aerosol. 
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The presence of the cc»uteiiser 19, limits the qmce wherein the v^ur is to be created by 
means of the fiidi cell 1 . This enclosed space can be referred to as the vapour diamber 1 4, 

In order to further unprove the control over die particle aze an unsaturated g^s, e.g. ambient 
5 air, is added to the aerosol in a dilution chamber 20, as shown in Fig. 5 . The i msatu ra ted gas is 
preferably of the same temperature as the saturated fluid leaving the condenser. As aresult, 
the dew point of die nuxture is decreased causing the particles in the aerosol to pardy 
evaporate, diereby dea:easing die size of the individual particles in the aerosol. 

10 The dew pomt of die fluid inay be furtiwr adjusted, to a value bdowd^ 

fliat case condensation is of tt» vapour and an increase in particle size is fiirther prevented. In 
that case the particle size of the aerosol will ronain relatively smalU ev«i after the aerosol has 
entered the human cavities. Hie ratio of unsaturated gjas added and the mixture itself 
determines the new dew point. 

IS 

The aerosol that leaves the inhaler is merely a carrier for an active substance, such as a drug. 
The active substances 30 have to be added to the aerosoL This is sdiematically indicated in 
Fig. 6. The active substances 30 are mixed widi the aerosol in a mixer 35 . Although the added 
substances, siK:h as drug^, will combine with the aerosol, slighdy increasing their particle 
20 size, die particles in the aerosols diat can be created according to die pscseaai invention may 
still have a size no larger dian 20 nanometer. 

Ibe active substances 30 can be transported to the imxCT in the form of a solid, a gas or a 
substance-aerosol. The aCTOSoI 16 generated in die inhaler wiU im>vidc die carrier to transport 
25 the active substances from the mixer 35 towards the human body. 

The aerosol 16 graerated iniade die inhaler 15 will leave the opening 17 widi a predetmnined 
temperature. This temperature can for instance be within the range of 20^ - 40^. This 
temperature level will ^Hminatft the cold Freon effect This is a huge iKtvanti^e over the use 
30 of staiidaniMDI systems as described in the introduction. 

The aerosol 16 that leaves the inhaler 15 at the opening 17, will inainlycorisdst of wato: 
droplets. That means that die aerosol, used as the carrior for the active substances is a carrier 
which does not have any undesired effect on the human body in general or the lungs in 



1023154 



37 



particular. This is a huge advantage over flie iise of a standi 

the iun^ causing a grating effect and an itchy feeling within the lungs. 

The shown embodiment is a bieath-actuated device. That means that the user himself will 
5 have U> generate &e required respiratory effort to cre^ 1, via the 

condenser 1 9, dilution chamber 20, mixer 35 towards the qpeoing 1 7. 
Ths shown embodiment elhmnates the need of having a strict breathing co-ordination for 
adrninistration of flie active substances in the lungs. 

10 It is to understood tfiat an alternative soludcm v^erdn Ite airflow is gei^tated witiuiut flie 
respiratory effort of a user is also feasible. 

In fig- 7, schematically, a possible embodiment of a condenser 19 is shown. The aerosol 16 
will travel fiom the gas chaml»r 14, through the condenser 19, towards the exit 17 (not 
IS shown) of the device. 

Ibe conieoser 1 9 is provided with a heat exdbasga 40, preferably comprising a open 
material, in that the aerosol 1 6 can flow tiirou^ the condenser, with a minimal amount of 
obstruction of the flow by the heat-exdiaiiger. 

20 

The heat-exchanger 40 comprises, for instance, a metal wool providing a good heat transfix. 
The wool for instance comprises copper. 

The heat-exchanger 40 is coupled with a heatmg/cooling device 41, in order to regulate the 
25 tonperature of the heat-exchanger 40. 

In the condenser 19 droplets may be formed. These droplets can be collected and led out of 
tl^ condenser by means of a guide 42. In case the condmsa 1 9 is operated in conjunction 
with a device for tl^ generation of an aerosol, which uses a liquid to produce tfie aerosol 
30 firtMn, die fluid collected in guide 42 can be fed back to flie device for g^eration of the 
aerosol. 

The conditions in &e condenser 19 will be adapted to have an aerosol 16 at the exit of the 
condenser which is 100% saturated. The aerosol leaving the condrais^ will have a stable 
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physical state, in that tfa^e is no more condensation or eviration of tte droplets in fl^ 
aerosol. 

As an additional feature tbe device according to the present development can be equipped 
5 with means to sterilise the device. That means an am>sol is created having a tempraotiire of 
100 degrees CCTtigrade» in oid« to sterilise tiie device by tran^rting the aerosol through the 
device. 

Wi& reference to the above it is concluded, that the device and the mediod as described above 
10 provide a cost-effective, clean and sanitary mhalalicm system. The device is able to 
prop(»1ionally deliver g^ses^ liquids, or solids to flie diffoent deposition areas in a hun^ 
body. The device provides an accurate, controlled and conveniCTt manner of admmistiating a 
drug by u^ng an a»x>sol as a carrier, &e aerosol itself conqnrismg a substance, Mdnch 
naturally occurs in the human body. Therefore ftie aerosol is capshlc of transportmg the 
15 administ^ed drug (small and large molecules) to tte most effective deposition areas in a 
human body, without dCTiaturing macromolecules. 

The inhaled drug delivery products market is a billion dollar business expected to grow 
substantially Ihe coming years. The inhaler according to the invention may be developed in 
20 clinical, residential and handheld configuratioiis. 

The handt^ld configuration may be provided with a catalytic burner, in particular a fiiel cell, 
v^ch result in a contact and enei^ self-sufficient personal inhaler. This allows tite user to 
effectively self-administer whatevCT active substance wherever and whenever widi a comfort 
25 level that will turn mhalation into recreation. 

It is to be understood that any other adequate bum» can be used without h ar min g the 
effectiveness of the device. 

Since DPI*s - Dry-Powdor Inhalers - and MDI's - Metered-Etose Inhalers - are known this 
30 inhalation system is referred to as D.E.C J. or DECI - Deposition Effect Controlled Inhaler. 
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Claims 

1. Device for administradon of an aerosol to a mammal conqmsing: 

- aerosol means for creating an aerosol in the device, 

5 - an opening for releasing the aerosol ftom the device, wherein 

- the device is provided with control means, for adding energy to or removing energy fix>m the 
aerosol in order to thereby control the particle size of the aerosol, prior to releasing the 
aiW)SOl from the opening. 

10 2. Method for adnunistration of an aerosol to a mammal, comprising the steps of: 

- creating an aerosol, and 

. administration of the aerosol to the mammal, vi^hereui the method comprises the step of: 

- manipulating the aerosol by addmg or removing energy from the aerosol in order to 
thereby controlling the uniformity md/ov the mean particle size of the aerosol of the 

IS particles of the aerosol, prior to releasing the aerosol to the mammal in order to deliver the 
(active) substance at a predetermined deposition area in the respiratory tract and/or the 
lisng system of the mammal* 

3. Method according to claim 2, wherein the method comprises the step of: 

20 - adding an active substance to the araosol, prior to releasing the aerosol to the m am m al , in 
order to use the aerosol as a carrier to administer the substance to a mammal. 

4. Method accordii^ to claim 2 or 3, wi^rein the method comprises the ;5tep of: 

- measuring in real time the flow of a first amount of aerosol administered to the m a mma l, 
25 - using tte real timf^ mgasiire m^nts in th^ ^ftvicgs-mammal interface in order to control the 

manipulation of Ae aerosol prior to the administration of a second amount of aerosol to 

the mammal. 
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een aanvrage om octrooi werd ingediehd yoor; 
"Device and method for administration of a fluid to a mammal", 
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Octreoicentnim Nedwtand is het Bimu voor-c^ Eigendom, een agentschap van het ministerie van Economische Zaken. 
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